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SINGLE-SLOPE COMPARISON DEVICE
WITH HIGH RESOLUTION AND LOW
NOISE AND CMOS IMAGE SENSOR
INCLUDING THE SAMLEL

CROSS-REFERENCE TO RELATED
APPLICATION

This patent document claims the priority and benefits of
Korean Patent Application No. 10-2018-0028107 filed on
Mar. 9, 2018, which 1s incorporated herein by reference 1n
its entirety.

TECHNICAL FIELD

The technology and implementations disclosed in this
patent document relate to a complementary metal oxide
semiconductor (CMOS) 1image sensor.

BACKGROUND

With the growing consumer demand for the high-resolu-
tion, low-noise digital imaging applications, CMOS 1mage
sensor manufacturers have been devoting themselves to the
innovation in analog-to-digital conversion techmques such
as multi-sampling techniques including multiple sampling
of an mput signal, analog-to-digital conversion, and aver-
aging.

There 1s a trade-ofl relationship between the operating
speed and power consumption of CMOS 1mage sensors. In
this regard, a 142366299.2 column-parallel structure i1s an
optimal structure. However, there 1s a difliculty 1n integrat-
ing a readout circuit such as an analog-to-digital converter
(ADC) minto a narrow pixel width, Thus, a simple single-
slope ADC 1s widely used 1n the column-parallel structure.

When a single-slope ADC uses a continuous time signal,
optimal performance can be realized. However, 11 the con-
tinuous time signal becomes a discrete time signal in the
middle of the analog-to-digital conversion, unwanted noise
can be generated due to the coupling between adjacent
columns. As the incident amount of light increases, shot
noise becomes dominant in a high illumination period.
Therefore, i1t 1s 1important to reduce noise 1n a low 1llumi-
nation period.

Various techniques are currently being studied to reduce
such noise mncluding determining a low i1llumination period
and a high illumination period in advance to operate the
CMOS 1mage sensor 1n a high resolution mode during the
low 1llumination period, changing a slope of a ramp signal,
giving a time difference for the ramp signal to sample pixel
signals multiple times, and making the ramp signal cross the
pixel signal again, when a comparator determines that the
pixel signal has crossed the ramp signal, by applying an
oflset to an mmput or output of the comparator.

SUMMARY

This patent document provides a single-slope comparison
device which generates crossing events a plurality of times
by globally applying an oflset to a pixel signal at a prede-
termined timing during an analog-to-digital conversion
(ADC) operation, and a CMOS 1mage sensor including the
same. The single-slope comparison device implemented
based on various embodiments of the disclosed technology
may obtain a multi-sampling eflect by controlling a voltage
of a pixel signal.
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In an embodiment of the disclosed technology, a com-
parison device may include a multi-step pixel signal gen-
eration circuit coupled to a pixel to recerve a pixel signal and
generate a multi-step pixel signal based on the pixel signal
according to a multi-step trigger signal and a multi-step size
control signal; a comparison circuit coupled to the multi-step
pixel signal generation circuit to compare a ramp signal with
the multi-step pixel signal and output a comparison signal;
and a control circuit coupled to the multi-step pixel signal
generation circuit and the comparison circuit to detect
crossings of the multi-step pixel signal and the ramp signal
based on the comparison signal from the comparison circuit
and output the multi-step size control signal to the multi-step
pixel signal generation circuit.

In an embodiment of the disclosed technology, a comple-
mentary metal oxide semiconductor (CMOS) 1image sensor
may include: a pixel array including a plurality of pixels
cach outputting a pixel signal corresponding to incident
light; a row decoder coupled to the pixel array to select and
control the plurality of pixels in the pixel array at each row
line; a ramp signal generator structured to generate a ramp
signal; a plurality of multi-step pixel signal generation
circuits coupled to the pixel array to receive corresponding
pixel signals from the pixel array and generate multi-step
pixel signals according to a global multi-step trigger signal
and a multi-step size control signal; a plurality of compari-
son circuits coupled to the plurality of multi-step pixel signal
generation circuits to compare the ramp signal from the
ramp signal generator with the multi-step pixel signals from
the plurality of multi-step pixel signal generation circuits
and output comparison signals; a plurality of control circuits
coupled to the plurality of multi-step pixel signal generation
circuits and the plurality of comparison circuits to detect
crossings of the multi-step pixel signals and the ramp signal
based on the corresponding comparison signals from the
plurality of comparison circuits and output the multi-step
s1ze control signals to the plurality of corresponding multi-
step pixel signal generation circuits; a counting circuit
coupled to the plurality of comparison circuits to count a
number ol clock pulses according to the corresponding
comparison signals from the plurality of comparison cir-
cuits; a memory circuit coupled to the counting circuit to
store counting information from the counting unit; a control
circuit structured to control operations of the row decoder,
the ramp signal generator, the plurality of comparison cir-
cuits, the counting circuit, and the memory circuit; and a
column readout circuit structured to output data stored 1n the
memory circuit according to control signals of the control
circuit.

In an embodiment of the disclosed technology, a com-
parison device may include: a multi-step pixel signal gen-
eration block suitable for generating a multi-step pixel signal
according to a multi-step trigger signal and a multi-step size
control signal; a comparison block suitable for comparing a
ramp signal with the multi-step pixel signal from the multi-
step pixel signal generation block and outputting a compari-
son signal; and a control block suitable for detecting cross-
ing according to the comparison signal from the comparison
block and outputting the multi-step size control signal to the
multi-step pixel signal generation block.

In an embodiment of the disclosed technology, a comple-
mentary metal oxide semiconductor (CMOS) 1mage sensor
may include: a pixel array suitable for outputting a pixel
signal corresponding to incident light; a row decoder suit-
able for selecting and controlling a pixel 1n the pixel array
at each row line; a ramp signal generator suitable for
generating a ramp signal; a plurality of multi step pixel
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signal generation blocks suitable for receiving a correspond-
ing pixel signal from the pixel array and generating multi-
step pixel signals according to a global multi-step trigger
signal and a multi-step size control signal; a plurality of
comparison blocks suitable for comparing the ramp signal
from the ramp signal generator with the multi-step pixel
signals from the plurality of multi-step pixel signal genera-
tion blocks and outputting comparison signals; a plurality of
control blocks suitable for detecting crossing according to
the corresponding comparison signals from the plurality of
comparison blocks and outputting the multi-step size control
signals to the plurality of corresponding multi-step pixel
signal generation blocks; a counting umt suitable for count-
ing a clock according to the corresponding comparison
signals from the plurality of comparison blocks; a memory
unit suitable for storing counting information from the
counting unit; a control unit suitable for controlling opera-
tions of the row decoder, the ramp signal generator, the
plurality of comparison blocks, the counting unit, and the
memory unit; and a column readout circuit suitable for
outputting data of the memory umt according to control of
the control unit.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a configuration diagram of an example of a
CMOS 1mage sensor.

FIG. 2A 1s a diagram 1llustrating an example of a com-
parison device implemented based on an embodiment of the
disclosed technology.

FI1G. 2B 1s a circuit diagram 1llustrating an example of the
two-step pixel signal generation block shown in FIG. 2A,

FIG. 2C 1s a timing diagram of the comparison device
illustrated in FIGS. 2A and 2B.

FIG. 2D 1s a circuit diagram illustrating another example
ol the two-step pixel signal generation block illustrated 1n
FIG. 2A.

FIG. 3 1s a diagram of a comparison device implemented
based on another embodiment of the disclosed technology.

FIG. 4 1s a diagram 1llustrating an example of a CMOS
image sensor based on some embodiments of the disclosed
technology.

DETAILED DESCRIPTION

FIG. 1 1s a diagram 1llustrating an example of a CMOS
image sensor. The CMOS 1mage sensor shown 1n FIG. 1 has
a column parallel structure implemented using a single-slope
analog-to-digital conversion device. The column-parallel
structure may facilitate the high-speed readout of large pixel
array without consuming much power, and the single-slope
analog-to-digital conversion device 1s a good fit for the
column-parallel structure because 1t can be implemented
using a very simple column circuit and requires much less
chip area than other types of analog-to-digital converter
(ADC). For the column-parallel structure using a single-
slope analog-to-digital conversion device or for other types
ol structures using diflerent types ol analog-to-digital con-
version device, various embodiments of the disclosed tech-
nology may reduce noise by multi-sampling pixel signals.

Referring to FIG. 1, the CMOS 1mage sensor includes a
pixel array 10 of imaging pixels arranged in rows and
columns, a row decoder 20, a ramp signal generation circuit
30, a comparison circuit 40, a counting circuit 50, a memory
circuit 60, a column read-out circuit 70 and a control circuit
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4

Each imaging pixel may be implemented by a photo
diode, a photo transistor, a photo gate, or other photosensi-
tive circuitry capable of converting light into a pixel signal
(e.g., a charge, a voltage or a current). On top of the 1maging
pixels, an array of different color filters 1s placed to cover the
photosensing pixels to filter the incident light in different
colors at diflerent pixel locations to capture the color infor-
mation 1n a sensed 1mage. The specific example 1n FIG. 1
shows a pixel arrangement of colored imaging pixels labeled
as “R” for a red colored pixel, “G” for a green colored pixel,
and “B” for a blue colored pixel.

The pixel array 10 outputs pixel signals in response to
incident light at individual imaging pixels. The row decoder
20 selects and controls pixels of the pixel array row by row.
The ramp signal generation circuit 30 generates a ramp
signal V,, ., .~ 1n response to a control signal of the control
circuit. The comparison circuit 40 compares the ramp signal
V. 1 Of the ramp signal generation circuit 40 with each
pixel signal outputted from the pixel array 10.

The counting circuit 50 counts the number of clock pulses
of the control circuit 80 according to output signals of the
comparison circuit 40. The memory circuit 60 stores infor-
mation (e.g., the number of clock pulses) provided by the
counting circuit 50 according to 1nstructions provided by the
control circuit 80. The column read-out circuit 70 outputs
sequentially the information stored 1n the memory circuit 60
as a pixel data PXDATA according to instructions provided
by the control circuit 80. The control circuit 80 controls
operations of the row decoder 20, the ramp signal generation
circuit 30, the comparison circuit 40, the counting circuit 50,
the memory circuit 60 and the column read-out circuit 70.

A CMOS mmage sensor may include the comparison
circuit 40 that utilizes a correlated double sampling CDS
technique to remove an oflset value of the pixel.

The comparison circuit 40 includes a plurality of com-
parators 41, the counting circuit 30 includes a plurality of
counters 51, and the memory circuit 60 includes a plurality
of memories 61. In an example configuration, each column
of the pixel array 10 1includes the comparator 41, the counter
51 and the memory 61.

The operations of the comparator 41, the counter 51 and
the memory 61 will be described with reference to FIG. 1 as
below.

The comparator 41 has two input terminals that receive a
pixel signal outputted from a column of the pixel array 10
and a ramp signal V., outputted from the ramp signal
generation circuit 30, respectively. The comparator 41 com-
pares the ramp signal V, . with the pixel signal and
outputs a comparison signal in response to a control signal
provided by the control circuit 80.

Since a voltage level of the ramp signal Vy, ,,,» Increases
or decreases as time passes, the ramp signal V ,,,» Crosses
the pixel signal at some point 1n time. After this crossing
point, the value of the comparison signal outputted from the
comparator 41 1s inverted.

The counter 51 1s used to count pulses during a period of
time, for example, when the pixel signal 1s above the ramp
signal. The counter 51 1s mitialized by a reset control signal
of the control circuit 80.

The memory 61 stores information relating to the count
(e.g., number of pulses) provided by the counter 51 and
outputs the information to the column read-out circuit 70
according to control signals of the control circuit 80. Here,
the CMOS 1mage sensor may perform a counting operation
on a reset signal (or a reset voltage) and then perform a
counting operation on an 1mage signal (a signal voltage).
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FIG. 2A 1s a diagram 1illustrating an example of a com-
parison device implemented based on an embodiment of the
disclosed technology.

As 1illustrated 1n FIG. 2A, the comparator implemented
based on an embodiment of the disclosed technology may
include a two-step pixel signal generation circuit 210, a
comparison circuit 220, and a control circuit 230. The
two-step pixel signal generation circuit 210 may generate,
based on the pixel signal, a two-step pixel signal V.
according to a two-step trigger signal and a two-step size
control signal. The comparison circuit 220 may compare the
ramp signal V, ... with the two-step pixel signal V.
output from the two-step pixel signal generation circuit 210,
and output a comparison signal. The control circuit 230 may
detect crossings of two-step pixel signal V ., and the ramp
signal V,, ,,.» according to the comparison signal from the
comparison circuit 220, and output the two-step size control
signal to the two-step pixel signal generation circuit 210.

In an embodiment of the disclosed technology, the two-
step pixel signal generation circuit 210 may modily an
amplitude of the pixel signal while sampling the pixel signal
based on the ramp signal V, ... Although the term “two-
step” has been used for convemence, the number of changes
in the amplitude of the pixel signal during a sampling
process of the pixel signal i1s not limited by the term
“two-step.” Rather, the term “two-step” may indicate that
the amplitude of the pixel signal 1s modified multiple times
during a sampling process of the pixel signal.

A detailed configuration of the two-step pixel signal
generation circuit 210 will be described with reference to
FIGS. 2B and 2D. The comparison circuit 220 may be
implemented using a well-known comparator circuit, and
thus a detailed description thereof will be omatted.

The control circuit 230 may include a crossing detector
231 and a two-step size controller 232. The crossing detector
231 may detect crossings of the two-step pixel signal V5«
and the ramp signal V, ,.,» according to the comparison
signal from the comparison circuit 220, and may determine
an output timing of the comparison signal (e.g., a point 1n
time when the comparison signal 1s output). The two-step
size controller 232 may output the two-step size control
signal having a predetermined voltage level to the two-step
pixel signal generation circuit 210 at a predetermined tim-
ing. Here, the crossing detector 231 may determine whether
the output timing of the comparison signal 1s before or after
a two-step trigger timing, and generate flag information.

The comparator illustrated in FIG. 2A may include the
two-step pixel signal generation circuit 210 between pixels
M1 and M2 outputting the pixel signal V., and the input
node of the comparison circuit 220 for performing analog-
to-digital conversion on the pixel signal value, and may
turther include a two-step trigger timing controller 260 and
a two-step size controller 232, which output a two-step
trigger signal and a two-step size control signal, respec-
tively, for driving the two-step pixel signal generation circuit
210.

The two-step trigger timing controller 260 may generate
the two-step trigger signal and globally apply the two-step
trigger signal to the two-step pixel signal generation circuit
210 of each column, and may be provided 1n a peripheral
device or 1 a peripheral area of the CMOS 1mage sensor
(e.g., Peni-Block). The two-step size controller 232 may
apply the two-step size control signal to the two-step pixel
signal generation circuit 210 of the corresponding column,
and may be provided in the control circuit 230 of each
column channel. Here, the two-step size control signal may
have a value that 1s fetched from an 1image signal processor
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(ISP) or a peripheral device or a register. For example, a
predetermined value may be stored in a register to be used
as the two-step size control signal. The two-step size con-
troller 232 may be configured to output a two-step size
control signal having a predetermined voltage level to the
two-step pixel signal generation circuit 210 at a predeter-
mined timing according to a clock or a control signal from
an external control circuit such as a timing generator (not
illustrated).

In addition, the crossing detector 231 may determine
whether the value of the comparison signal output from the
comparison circuit 220 has a certain value indicating there
was a crossing of the pixel signal value and the ramp signal
value belore a two-step trigger timing or after the two-step
trigger timing, and may be implemented with a latch circuat.

The crossing detector 231 may store flag information of a
value “1” when the comparison circuit 220 outputs the
comparison signal before the two-step trigger timing (e.g.,
when a crossing of the pixel signal value and the ramp signal
value 1s detected before the two-step trigger timing). Here,
the memory 250 may store a {irst counting value output from
the counter 240, which 1s a digital value converted from an
analog Slgnal accordmg to a crossmg detection signal from
the Crossmg detector 231. The crossing detection signal from
the crossing detector 231 may be used to enable the memory
250. When the two-step pixel signal generated by the
two-step pixel signal generation circuit 210 1s applied to the
comparison circuit 220 at the two-step trigger timing, the
counter 240 may start counting clock pulses again and
output a second counting value, which 1s a digital value
converted from an analog signal. The first counting value
stored 1n the memory 250, the second counting value output
from the counter 240, and the stored value of the crossing
detector 231 may be averaged in the ISP to reduce noise. The
averaging process may be performed 1n the ISP, but may also
be performed by a logic circuit provided in the column.

The averaging calculation method may be implemented 1n
various forms. Noise components of the signal value includ-
ing the pixel signal, the ramp signal, and the two-step pixel
signal may be averaged to improve a signal-to-noise ratio

(SNR) as expressed by Equation 1 below.

(D1+(D2_DFXDTS))/2:DA 1%e [E(:]_Uﬂtl':!ﬂ 1]

Here, D, indicates the first counting value, D, indicates
the second counting value, D, indicates the stored value of
the crossing detector 231, and D .. indicates a step size (e.g.,
predetermined voltage value) applied to the pixel signal by
the two-step pixel signal generation circuit 210.

The two-step pixel signal generation circuit 210 may
adjust the step size according to the two-step size control
signal from the two-step size controller 232. For example,
the step size may be set to be larger than the value that the
pixel signal has before applying two-step.

The crossing detector 231 may determine that the pixel
signal 1s not 1n the low illumination when the comparison
circuit 220 outputs the comparison signal because there 1s a
crossing ol the pixel signal value and the ramp signal value
alter the two-step trigger timing. This shows that a shot noise
1s larger than a thermal noise of the pixel signal. The low
illumination (e.g., how low it 1s) may be regarded as the size
of the pixel signal at the two-step trigger timing. Here, the
crossing detector 231 may store and output the flag infor-
mation of a value “0,” the value counted by the counter 240
may not be stored in the memory 250, and the counter 240
may continue the counting and output the first counting
value.
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However, the step applied to the pixel signals in common
at the two-step trigger timing leads to the changes in the
comparison signal. Therefore, the changes should be sub-
tracted from the final digital value converted from the analog
signal. Therefore, the value of the counter 240 may be
outputted as the first counting value, and the stored value of
the crossing detector 231 may be outputted together and
used for the subtraction process in the ISP. The subtraction
process may be performed in the ISP, but may also be
performed by a logic circuit provided 1n the column.

The subtraction calculation method may be implemented
in various forms. For example, the subtraction calculation
can be expressed as:

D —(DFxD Equation 2
1 7S q

Here, D1 indicates the first counting value, DF indicates
the stored value of the crossing detector 231, D indicates
the step size (e.g., predetermined voltage value) applied to

the pixel signal by the two-step pixel signal generation
circuit 210.

As described above, an offset voltage 1s globally applied
to the pixel signals at a predetermined timing during an
analog-to-digital conversion operation. For example, the
pixel signal 1s oflset by a gate-source voltage (Vgs) of a
transistor of the two-step pixel signal generation circuit 210.
In this manner, when there has already been a crossing of the
pixel signal and the ramp signal before a predetermined
timing, a second crossing of the pixel signal and the ramp
signal may occur by applying the oflset voltage to the pixel
signal.

While the oflset voltage 1s being globally applied to the
pixel signals at a predetermined timing, the ramp signal of
the single-slope analog-to-digital converter, which has been
decreasing or increasing linearly, maintains i1ts value, and
alter the oflset has been applied, the ramp signal continues
to decrease or increase linearly, thereby minimizing cou-
pling noise.

In addition, when there was no crossing before the pre-
determined timing, the oilset voltage 1s applied to the pixel
signals to obtain an analog-to-digital conversion code that 1s
larger than the orniginal pixel signal value by the oifset
voltage. However, this deficiency can be ofiset by setting the
flag information as “1” when the crossing happens before
applying the offset voltage and by setting the flag informa-
tion as “0” when the crossing happens after applying the
oflset voltage.

FIG. 2B 1s a circuit diagram 1llustrating an example of the
two-step pixel signal generation circuit shown in FIG. 2A.

As 1llustrated in FIG. 2B, the two-step pixel signal
generation circuit 210 may include a switch 211, a two-step
s1ze control circuit 212, a two-step signal generation circuit
213, and a bias circuit 214. The switch 211 may switch
on/ofl according to the two-step trigger signal from the
two-step trigger timing controller 260. The two-step size
control circuit 212 may interwork with the switch 211 and
control (adjust) the two-step size according to the two-step
s1ze control signal from the two-step size controller 232 of
the control circuit 230. The two-step pixel signal generation
circuit 213 may adjust the pixel signal coming from the pixel
and generate the two-step pixel signal according to the
two-step size control signals from the two-step size control
circuit 212. The bias circuit 214 may interwork with the
two-step pixel signal generation circuit 213.

The switch 211 1s coupled between a terminal of a pixel
power supply voltage VDD and the two-step size control
circuit 212, and may apply or block the pixel power supply
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voltage VDD to the two-step size control circuit 212 accord-
ing to the two-step trigger signal from the two-step trigger
timing controller 260.

The two-step size control circuit 212 may include a
plurality of switches each having one terminal coupled to the
switch 211 and the other terminal coupled to the two-step
pixel signal generation circuit 213, and may be turned on or
ofl according to the two-step size control signal from the
two-step size controller 232 and control the two-step size.

The two-step pixel signal generation circuit 213 may
generate the two-step pixel signal by applying the offset
voltage to the pixel signal coming from the pixel according
to the two-step size control from the two-step size control
circuit 212.

That 1s, the two-step pixel signal generation circuit 213
may control the amplitude of the pixel signal by using a
voltage (Vgs) drop across the gate-source terminal of a
source follower circuit according to the two-step size control
from the two-step size control circuit 212.

In other words, the two-step pixel signal generation
circuit 213 may include a source follower circuit that
generates the two-step pixel signal by applying the offset
voltage to the pixel signal from the pixel by using the
gate-source voltage (Vgs) drop according to the two-step
s1ze control from the two-step size control circuit 212. For
example, the source follower circuit may include a source
follower transistor that drops the amplitude of the pixel
signal being fed to a gate terminal of the source follower
transistor by the gate-source voltage (Vgs) drop. In an
example embodiment of the disclosed technology, the two-
step pixel signal generation circuit 213 may include: one
NMOS ftransistor having a drain terminal connected to the
terminal supplying the pixel power supply voltage VDD, a
gate terminal connected to the pixel, and a source terminal
connected to the bias circuit 214; and a plurality of NMOS
transistors each having a drain terminal connected to the
two-step size control circuit 212, a gate terminal connected
to the pixel, and a source terminal connected to the bias
circuit 214.

The bias circuit 214 may include an NMOS transistor
having a drain terminal connected to the two-step pixel
signal generation circuit 213, a gate terminal to which a bias
current 1s applied, and a source terminal connected to a
ground power supply.

In an embodiment of the disclosed technology, the pixel
signal can be controlled by additionally providing the source
tollower circuit at each column line. The pixel signal can be
controlled by providing the two-step pixel signal generation
circuit 213 including source follower transistors in the
two-step pixel signal generation circuit 210 at each column.
The comparison circuit 210 of the analog-to-digital con-
verter receives the pixel signal coming from the pixel
through the source follower circuit provided at each column
line, mstead of directly recerving the pixel signal from the
pixel, so that the pixel signal can be more flexibly controlled
in each column line.

Accordingly, the multi-sampling eflect can be obtained by
controlling the amplitude of the pixel signal by using the
gate-source voltage (Vgs) drop of the source follower cir-
cuit.

FIG. 2C 1s a timing diagram of the comparison device
illustrated 1n FIGS. 2A and 2B. X axis represents the
operation timing, and Y axis represents the voltage.

In FIG. 2C, a first pixel signal V,,., indicates a case
where there 1s a crossing of the pixel signal value and the
ramp signal value before the two-step trigger timing, and a
second pixel signal V ,,.-, indicates a case where there 1s no
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crossing of the pixel signal value and the ramp signal before
the two-step trigger timing. In an example embodiment of
the disclosed technology, the ramp signal V ,,,», may be a
linearly increasing or decreasing signal that maintains its
amplitude at the two-step trigger timing. As can be seen
from FIG. 2C, there occur two crossings of the first pixel
signal V.., and the ramp signal V, ... Here, the com-
parison signal value indicates that there was a first crossing,
of the pixel signal value and the ramp signal before the
two-step trigger timing, and thus the pixel signal value may
be regarded as that of low i1llumination. After the step 1s
applied to the pixel signal, the value of the first pixel signal
V o+ Changes to V. +V 5o, and a second crossing of the
first pixel signal V..., +V . and the ramp signal occurs. In
FIG. 2C, there occurs no crossing between the second pixel
signal V .., and the ramp signal V ,, .. before the two-step
trigger timing. The offset voltage V ,. modifies the value of
even when the comparison signal does not change (no
crossing occurs) within the two-step trigger timing. This can
be processed as simple oflset.

FIG. 2D 1s a circuit diagram illustrating another example
of the two-step pixel signal generation circuit illustrated 1n
FIG. 2A. Unlike the two-step pixel signal generation circuit
illustrated 1n FIG. 2B, the two-step pixel signal generation
circuit 213 1s 1mplemented by using a bias current. The
operation, timing, and eflect of the two-step pixel signal
generation circuit 213 1llustrated 1in FIG. 2D are the same as
or similar to those of the two-step pixel signal generation
circuit illustrated in FIG. 2B.

As 1illustrated in FIG. 2D, the two-step pixel signal
generation circuit 210 may include a switch 211, a two-step
s1ize control circuit 212, and a two-step signal generation
circuit 213. The switch 211 may switch according to the
two-step trigger signal from the two-step trigger timing
controller 260. The two-step size control circuit 212 may
interwork with the switch 211 and control (adjust) the
two-step size according to the two-step size control signal
from the two-step size controller 232 of the control circuit
230. The two-step pixel signal generation circuit 213 may
adjust the pixel signal from the pixel and generate the
two-step pixel signal according to the two-step size control
signals from the two-step size control circuit 212. The
two-step pixel signal generation circuit 210 illustrated in
FIG. 2D may further include a source follower circuit 215
which controls the pixel signal from the pixel.

The switch 211 1s coupled between a source terminal of
the source follower circuit 215 and the two-step size control
circuit 212, and may be turned on or ofl according to the
two-step trigger signal from the two-step trigger timing
controller 260.

The two-step size control circuit 212 may include a
plurality of switches each having one terminal coupled to the
switch 211 and the other terminal coupled to the two-step
pixel signal generation circuit 213, and may be turned on or
ofl according to the two-step size control signal from the
two-step size controller 232 and control the two-step size.

The two-step pixel signal generation circuit 213 may
generate the two-step pixel signal by applying the oifset
voltage to the pixel signal outputted from the source fol-
lower circuit 215 according to the two-step size control from
the two-step size control circuit 212.

In other words, the two-step pixel signal generation
circuit 213 may include a bias circuit which generates the
two-step pixel signal by applying the offset voltage to the
pixel signal outputted from the source follower circuit 215
by using a voltage (Vgs) drop across the gate-source termi-
nal of the source follower circuit 215 according to the

5

10

15

20

25

30

35

40

45

50

55

60

65

10

two-step size control from the two-step size control circuit
212. For example, the source follower circuit may include a
source follower transistor that drops the amplitude of the
pixel signal being fed to a gate terminal of the source
tollower transistor by the gate-source voltage (Vgs) drop. In
an example embodiment of the disclosed technology, the
two-step pixel signal generation circuit 213 may include:
one NMOS ftransistor having a drain terminal connected to
a source terminal of the source follower circuit 215, a gate
terminal to which the bias current 1s applied, a source
terminal connected to a ground power supply; and a plurality
of NMOS transistors each having a drain terminal connected
to the two-step size control circuit 212, a gate terminal to
which the bias current 1s applied, and a source terminal
connected to the ground power supply.

The source follower circuit 215 may 1nclude an NMOS
transistor having a drain terminal connected to a pixel power
supply voltage VDD, a gate connected to the pixel, and a
source terminal connected to the two-step pixel signal
generation circuit 213.

FIG. 3 1s a diagram of a comparison device implemented
based on another embodiment of the disclosed technology.

The disclosed technology may be implemented 1n various
ways. For example, as illustrated in FIG. 3, a switching
circuit 270 may be further provided in the comparator
illustrated 1n FIG. 2A. The switching circuit 270 may pass
or block the pixel signal being output from the pixel to the
two-step pixel signal generation circuit 210 or the compari-
son circuit 220 according to control signals from the two-
step trigger timing controller 260.

Although this patent document has used the term “two-
step,” some embodiments of the disclosed technology may
be implemented by applying more than two-step. When the
multi-sampling scheme discussed above 1s 1mplemented
using more than the two-step pixel signal adjustment, a
column memory may be additionally required.

In some embodiments of the disclosed technology, a fixed
pattern noise (FPN) may occur due to the added source
follower circuit, but this can be ofiset through the digital
double sampling (DDS) operation. In addition, an informa-
tion value may be stored with one line memory by applying
an optical black pixel (OBP) operation principle and may be
subtracted.

FIG. 4 1s a diagram an example of a CMOS 1mage sensor
implemented based on some embodiments of the disclosed
technology.

As 1illustrated in FIG. 4, the CMOS 1mage sensor imple-
mented based on some embodiments of the disclosed tech-
nology includes a pixel array 10, a row decoder 20, a ramp
signal generation circuit 30, a comparison circuit 40, a
counting circuit 50, a memory circuit 60, a column read-out
circuit 70, and a control circuit 80.

The pixel array 10 outputs pixel signals corresponding to
incident light. The row decoder 20 selects and controls
pixels of the pixel array row by row. The ramp signal
generation circuit 30 generates a ramp signal V, ., .» (1nclud-
ing a coarse ramping signal and a fine ramping signal) 1n
response to a control signal of the control circuit. The
comparison circuit 40 compares the ramp signal V ,,,» of
the ramp signal generation circuit 40 with each pixel signal
outputted from the pixel array.

The counting circuit 50 counts the number of clock pulses
of the control circuit 80 according to output signals of the
comparison circuit 40. The memory circuit 60 stores infor-
mation (e.g., the number of clock pulses) provided by the
counting circuit 50 according to 1nstructions provided by the
control circuit 80. The column read-out circuit 70 outputs
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sequentially the information stored 1n the memory circuit 60
as a pixel data PXDATA according to instructions provided
by the control circuit 80. The control circuit 80 controls
operations of the row decoder 20, the ramp signal generation
circuit 30, the comparison circuit 40, the counting circuit 50,
the memory circuit 60 and the column read-out circuit 70.

Here, the comparison circuit 40 includes the comparison
device 42, which 1s implemented using the comparison
device shown 1n FIG. 2A or the comparison device shown 1n
FIG. 3.

The comparison circuit 40 may include a comparator 42
at each column, and a counter 51 and a memory 61 may be
implemented 1n the same manner as the counter 240 and the
memory 250 described with reference to FIG. 2.

In some embodiments of the disclosed technology, the
multi-sampling effect can be obtained by controlling the
voltage of the pixel signal 1n the single-slope ADC method.

That 1s, the multi-sampling effect can be obtained by
generatmg crossing a plurality of times by globally applying
the oflset to the pixel signal at the predetermined timing
during the ADC operation.

In addition, since the noise removal performance 1n the
low illumination period i1s important, the noise removal
performance can be improved by acquiring the multi-sam-
pling eflect as described above in the case of the low
illumination pixel signal.

Although various embodiments and specific examples
have been described, various changes and modifications
may be made based on what 1s described and illustrated.

What 1s claimed 1s:

1. A comparison device comprising:

a multi-step pixel signal generation circuit coupled to a
pixel to recerve a pixel signal and generate a multi-step
pixel signal based on the pixel signal according to a
multi-step trigger signal and a multi-step size control
signal;

a comparison circuit coupled to the multi-step pixel signal
generation circuit to compare a ramp signal with the
multi-step pixel signal and output a comparison signal;
and

a control circuit coupled to the multi-step pixel signal
generation circuit and the comparison circuit to detect
crossings ol the multi-step pixel signal and the ramp
signal based on the comparison signal from the com-
parison circuit and output the multi-step size control
signal to the multi-step pixel signal generation circuit.

2. The comparison device of claim 1, wherein the control
circuit comprises:

a crossing detector coupled to the comparison circuit to
detect the crossings of the multi-step pixel signal and
the ramp signal according to the comparison signal
from the comparison circuit and determine an output
timing of the comparison signal; and

a multi-step size controller coupled to the multi-step pixel
signal generation circuit to output the multi-step size
control signal having a predetermined voltage level to
the multi-step pixel signal generation circuit at a pre-
determined timing.

3. The comparison device of claim 2, wherein the crossing
detector determines whether the output time point of the
comparison signal 1s before or after a multi-step trigger
timing, and generates flag information.

4. The comparison device of claim 1, wherein the multi-
step pixel signal generation circuit comprises:

a switch coupled to a multi-step trigger timing controller

to recerve the multi-step trigger signal to switch on or
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off according to a multi-step trigger signal from the
multi-step trigger timing controller;

a multi-step size control circuit coupled to the switch to
interwork with the switch and control a multi-step size
according to the multi-step size control signal from the
control circuit;

a multi-step pixel signal generation circuit coupled to the
pixel to receive the pixel signal and adjust the pixel
signal according to the multi-step size control signal
from the multi-step size control circuit and generate the
multi-step pixel signal; and

a bias circuit coupled to the multi-step pixel signal
generation circuit to interwork with the multi-step pixel
signal generation circuit.

5. The comparison device of claim 4, wherein the multi-
step pixel signal generation circuit generates the multi-step
pixel signal by applying an oflset voltage to the pixel signal
according to the multi-step size control signal from the
multi-step size control circuit.

6. The comparison device of claim 4, wherein the multi-
step pixel signal generation circuit includes a source fol-
lower circuit to adjust an amplitude of the pixel signal by
using a gate-source voltage drop of the source follower
circuit according to the multi-step size control from the
multi-step size control circuit.

7. The comparison device of claim 4, wherein the multi-
step pixel signal generation circuit generates the multi-step
pixel signal by applying an oflset voltage to the pixel signal
from the pixel by using a gate-source voltage drop according
to the multi-step si1ze control signal from the multi-step size
control circuit.

8. The comparison device of claim 4, wherein the multi-
step pixel signal generation circuit comprises:

an NMOS transistor having a drain terminal coupled to a
pixel power supply voltage, a gate terminal coupled to
the pixel, and a source terminal coupled to the bias
circuit; and

a plurality of NMOS transistors each having a drain
terminal coupled to the multi-step size control circuit,
a gate terminal coupled to the pixel, and a source
terminal coupled to the bias circuit.

9. The comparison device of claim 1, wherein the multi-

step pixel signal generation circuit comprises:

a switch coupled to a multi-step trigger timing controller
to recerve the multi-step trigger signal to switch on or

oflf according to a multi-step trigger signal from a
multi-step trigger timing controller;

a multi-step size control circuit coupled to the switch to
interwork with the switch and control a multi-step size
according to the multi-step size control signal from the
control circuit; and

the multi-step pixel signal generation circuit coupled to
the pixel to receive the pixel signal and adjust the pixel
signal according to the multi-step size control signal
from the multi-step size control circuit and generate the
multi-step pixel signal.

10. The comparison device of claim 9, wherein the
multi-step pixel signal generation circuit further comprises a
source follower circuit to adjust an amplitude of the pixel
signal being output from the pixel.

11. The comparison device of claim 10, wherein the
source follower circuit comprises an NMOS transistor hav-
ing a drain terminal coupled to a pixel power supply voltage,
a gate coupled to the pixel, and a source terminal coupled to
the multi-step pixel signal generation circuit.

12. The comparison device of claim 10, wheremn the
multi-step pixel signal generation circuit generates the
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multi-step pixel signal by applying an oflset voltage to a
pixel signal outputted from the source follower circuit
according to the multi-step size control signal from the
multi-step size control circuit.

13. The comparison device of claim 1, wherein the
multi-step pixel signal generation circuit receives the multi-
step trigger signal generated by a multi-step trigger timing
controller and globally applied.

14. The comparison device of claim 1, further comprising
a switching circuit coupled between the pixel and the
multi-step pixel signal generation circuit to pass or block the
pixel signal from the pixel to the multi-step pixel signal
generation circuit or the comparison circuit according to a
control signal from a multi-step trigger timing controller.

15. A complementary metal oxide semiconductor
(CMOS) 1mage sensor comprising;:

a pixel array including a plurality of pixels each output-

ting a pixel signal corresponding to incident light;

a row decoder coupled to the pixel array to select and
control the plurality of pixels in the pixel array at each
row line;

a ramp signal generator structured to generate a ramp
signal;

a plurality of multi-step pixel signal generation circuits
coupled to the pixel array to receive corresponding
pixel signals from the pixel array and generate multi-
step pixel signals according to a global multi-step
trigger signal and a multi-step size control signal;

a plurality of comparison circuits coupled to the plurality
of multi-step pixel signal generation circuits to coms-
pare the ramp signal from the ramp signal generator
with the multi-step pixel signals from the plurality of
multi-step pixel signal generation circuits and output
comparison signals;

a plurality of control circuits coupled to the plurality of
multi-step pixel signal generation circuits and the plu-
rality of comparison circuits to detect crossings of the
multi-step pixel signals and the ramp signal based on
the corresponding comparison signals from the plural-
ity of comparison circuits and output the multi-step size
control signals to the plurality of corresponding multi-
step pixel signal generation circuits;

a counting circuit coupled to the plurality of comparison
circuits to count a number of clock pulses according to
the corresponding comparison signals from the plural-
ity ol comparison circuits;

a memory circuit coupled to the counting circuit to store
counting mformation from the counting unit;

a control circuit structured to control operations of the
row decoder, the ramp signal generator, the plurality of
comparison circuits, the counting circuit, and the
memory circuit; and

a column readout circuit structured to output data stored
in the memory circuit according to control signals of
the control circuit.

16. The CMOS 1mage sensor of claim 15, wherein each of

the plurality of control circuits comprises:
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a crossing detector coupled to the plurality of comparison
circuits to detect crossings of the multi-step pixel signal
and the ramp signal according to the comparison sig-
nals from the corresponding comparison circuits and
determine an output timing of the comparison signal;
and

a multi-step size controller switable for outputting the
multi-step size control signal having a predetermined
voltage level to the corresponding multi-step pixel
signal generation circuits at a predetermined timing.

17. The CMOS i1mage sensor of claim 15, wherein each of
the plurality of multi-step pixel signal generation circuits
COmprises:

a switch coupled to a multi-step trigger timing controller

to receive the multi-step trigger signal to switch on or
ofl according to a multi-step trigger signal from the
multi-step trigger timing controller;

a multi-step size controller coupled to the switch inter-
work with the switch and control a multi-step size
according to the multi-step size control signal from the
corresponding control circuit;

a multi-step pixel signal generation circuit coupled to the
pixel array to receive the pixel signal and adjust the
pixel signal according to the multi-step size control
signal from the multi-step size controller and generat-
ing a multi-step pixel signal; and

a bias circuit suitable for interworking with the multi-step
pixel signal generation circuit.

18. The CMOS image sensor of claim 17, wherein the
multi-step pixel signal generation circuit includes a source
tollower circuit to adjust an amplitude of the pixel signal by
using a gate-source voltage drop of the source follower
circuit according to the multi-step size control signal from
the multi-step size controller.

19. The CMOS 1mage sensor of claim 15, wherein each of

the plurality of multi-step pixel signal generation circuits
COmprises:

a switch coupled to a multi-step trigger timing controller

to recerve the multi-step trigger signal to switch on or
oflf according to a multi-step trigger signal from a
multi-step trigger timing controller;

a multi-step size control circuit coupled to the switch to
interwork with the switch and control a multi-step size
according to the multi-step size control signal from the
corresponding control circuit; and

a multi-step pixel signal generation circuit coupled to the
pixel to receive the pixel signal and adjust the pixel
signal according to the multi-step size control signal
from the multi-step size control circuit and generate the
multi-step pixel signal.

20. The CMOS mmage sensor of claam 19, wherein the

multi-step pixel signal generation circuit further comprises a
source follower circuit to adjust an amplitude of the pixel

signal being output from the pixel.
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